Introduction and Aims. Clerks and servers at alcohol establishments often fail to verify age. Using mystery shoppers to provide performance feedback is one approach to improving age verification. Few controlled studies have evaluated mystery shop interventions. This paper reports on a cluster randomised cross-over trial of a mystery shop intervention in 16 communities in four US states. Design and Methods. The intervention comprised monthly mystery shops after which clerks and servers received immediate feedback to reinforce age verification. Managers received monthly reports. Communities in each state were matched into pairs and, following a 3-month baseline, were randomly assigned within each pair to receive the intervention beginning after the fourth (Early Intervention) or the tenth (Delayed Intervention) mystery shop. On average, 17 (range = 14-20) randomly selected on-premises and 18 (range = 11-23) off-premises outlets participated in each community (N = 557). Results. Fixed effects multi-level logistic regressions indicated that the intervention led to a two-fold increase in the odds of age verification, odds ratio (OR) = 2.05; P < 0.001; 95% confidence interval (CI) 1.76, 2.39. Overall, IDchecking increased from an average of 80% pre-intervention to 94-96% by the end of the program. Significant effects were found for on-premises, OR = 1.79; P < 0.001; 95% CI 1.43, 2.24, and off-premises establishments, OR = 2.29; P < 0.001; 95% CI 1.86, 2.82. Discussion and Conclusions. Mystery shop interventions can increase age verification for alcohol purchases and may be an effective supplement to compliance checks and responsible beverage service programs.
Introduction
Most countries, states or provinces set a minimum legal age for purchasing alcoholic beverages [1] . Higher purchase ages are associated with lower consumption and fewer alcohol-related problems among underage youth [2, 3] . Nonetheless, a majority of underage youth report easy access to alcohol [4, 5] . Notably, research consistently shows that significant numbers of clerks and servers in retail establishments fail to properly verify age and sell alcohol to minors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , underscoring the need for interventions that can reduce youth access to alcohol through commercial sources [16] [17] [18] . This paper presents the results of a randomised trial evaluating a mystery shop intervention designed to increase ID-checking for the sale and service of alcoholic beverages.
There are a number of strategies for preventing underage sales of alcoholic beverages. Law enforcement compliance checks are one effective approach [19] [20] [21] [22] , but they are expensive to implement, labour intensive and the effects decay relatively quickly when enforcement activities cease [19, 22] . In the absence of dedicated funding and public support, compliance checks are seldom sustained or conducted frequently enough to have more than short-lived effects [23] [24] [25] .
Responsible beverage sales and service programs focus on the development and implementation of outlet policies to prevent sales to minors and training staff in responsible sales and service practices. Research indicates that responsible beverage sales and service programs are received favourably by retailers, associated with retailer-reported changes in policy [26] , and may reduce the likelihood of alcohol sales to minors [27] , although the evidence is mixed [20, 22] . Increases in age verification resulting from responsible beverage sales and service programs, however, may dissipate relatively quickly in the absence of ongoing training and incentives [22] . Although use of electronic ageverification systems can increase ID-checking and compliance [28] , research on their effectiveness is mixed, possibly because of inconsistent use by staff [29] . Remote ID-checking technology where a validator judges the customer's age through a video camera link is promising [30] but has not been implemented widely.
A key element missing from many programs is regular feedback to staff and managers about ID-checking behaviours. An approach that fills this gap is to use mystery shoppers who attempt to purchase alcohol and then provide feedback on whether the clerk or server asks for ID. Because of legal considerations, alcohol mystery shops in most states in the USA must be conducted with young legal-age customers (e.g. ages 21-24 years). The mystery shoppers are old enough to purchase and consume alcohol legally, but young enough to trigger a request for ID. In some jurisdictions, mystery shops can be conducted legally with underage shoppers. Mystery shop programs typically provide owners and managers with written feedback on staff performance. They can also provide immediate feedback to the clerk or server, reinforcing appropriate ID-checking and, if staff fail the mystery shop, citing the need to check IDs for all young-appearing customers (e.g. 30 years or younger, depending on the outlet's policy).
There are few systematic investigations of mystery shop programs. A case study that assessed a mystery shop program implemented in convenience stores near tribal reservations in Southern California found an increase in ID-checking from 67% at baseline to 100% 3 months after implementation [31] . The lack of a control group, however, makes interpretation of these results difficult. Positive results were also found in a multisite randomised trial in 36 Oregon communities that tested a comprehensive intervention that included a mystery shop program, but also enforcement compliance checks, media and other community strategies [32] . ID-checking increased by 18% in intervention communities compared with 9% in control communities. A tobacco mystery shop program was a part of a broad-based community program implemented in two sets of cities to decrease youth smoking prevalence [33, 34] . Substantial decreases in sales rates were observed in the first (64% vs. 24%) and second (67% vs. 22%) sets of communities, respectively. Because the mystery shop interventions in these latter studies were embedded within broader community prevention efforts, it is difficult to attribute reductions in sales to the mystery shops alone.
In one of the few randomised studies evaluating alcohol mystery shop feedback, shop owners in the Netherlands received letters that summarised the results of underage mystery shops and provided information about age restrictions on alcohol sales [35] . Sales refusal rates among the outlets in the experimental condition increased from 18% prior to the intervention to 32% post-intervention. A non-significant decrease in sales refusals was observed in the control condition (19% vs. 9%). Interestingly, outlets in both the experimental and control conditions showed increased rates of ID-checking, but these increases did not translate into improved sales compliance among shops in the control condition. Although this study demonstrates the potential of mystery shop interventions, it was limited to a single pre-test and single posttest observation. The extent to which the effects could be sustained or improved by providing ongoing feedback was not addressed.
Finally, a smaller randomised study investigated the effect of a mystery shop program on improving tobacco ID-checking by clerks for a major pharmacy chain that sells cigarettes [36] . Stores receiving feedback showed significant increases in ID-checking rates relative to controls, although the control stores showed gradual improvement and caught up with the intervention stores by the end of the program, suggesting that this study may have suffered from cross-contamination due to store managers informing their colleagues that mystery shops were underway.
Although these studies are suggestive, no published randomised multisite trial has investigated whether a responsible alcohol retailing program that features ongoing mystery shops, separate from other community interventions, can improve ID-checking performance. The present study fills this gap. We hypothesised that providing mystery shop feedback to clerks, servers and owners/managers of on-and offpremises alcohol outlets would significantly improve ID-checking for alcoholic beverage sales. Because policies and rates of underage sales differ between onpremises and off-premises outlets [37] , as a secondary research question we investigated whether mystery shop feedback differentially affected ID-checking at on-and off-premises establishments, but did not have a specific hypothesis.
Methods

Study design
Because cross-contamination among outlets is a potential problem [36] , the study used a cluster randomised cross-over design implemented with 557 on-and offpremises alcohol outlets located in 16 communities in four states in the USA (California, Massachusetts, Texas and Wisconsin). Based on pilot data, and taking design effects into account, the numbers of communities and outlets were selected to provide 80% power to detect medium effect sizes. Following the first three monthly mystery shops, communities were randomly assigned to an Early Intervention condition (n = 8) or to a Delayed Intervention condition (n = 8) using a computerised random selection procedure. A CON-SORT 2010 checklist is provided in Table S1 .
In the Early Intervention group, feedback was provided immediately after the fourth mystery shop and continued for five additional mystery shops, after which these establishments were retired from the study. For the Delayed Intervention group, feedback began immediately after a tenth mystery shop attempt and continued for five additional monthly mystery shops. Because feedback was not provided until after the 4th or 10th purchase attempts were completed, these mystery shops served as the final pre-intervention baseline measures for the Early and Delayed Intervention groups, respectively. Measures of staff ID-checking behaviour were obtained from all outlets during the baseline and early intervention periods, with the Delayed Intervention group serving as a control for the Early Intervention group. During the final phase of the project, these measures were obtained only from outlets in the Delayed Intervention communities.
The cross-over design was selected, in part, based on ethical considerations to allow outlets initially in the control condition to receive the benefits of mystery shop performance feedback. In addition, this design allowed us to replicate the findings, thus adding to our confidence in them.
Community sample
Working with each state's alcohol regulatory agency and retail association partners, we identified two pairs (four communities) in each state with populations between 50 000 and 250 000 that had sufficient numbers of licensees for the study. The 16 selected communities were diverse in terms of race/ethnicity and socialeconomic status and were selected to represent different geographical areas and demographic profiles within each state. Each pair of communities was matched as closely as possible based on population, numbers of retail outlets, median family income, percentage of population under age 18 years, and racial/ethnic composition (e.g. percentage White) using Euclidean distance scores calculated using a computerised algorithm. To avoid cross-community contamination, we required that the communities not be contiguous with one another nor adjacent to any community that was contiguous with a sampled community.
Outlet sample
Based on state alcohol licensing data we randomly sampled 324 on-premises serving establishments and 313 off-premises retailers to be invited into the study (N = 637). On-premises licensees included bars, taverns, clubs and restaurants that received 40% or more of their revenues from liquor sales. Restaurants where the sale of alcohol was incidental and therefore unlikely venues for underage drinking were excluded. Offpremises licensees included liquor stores and other retailers (e.g. grocery stores, convenience stores, drug stores) that sold alcohol for consumption elsewhere.
Participation rates
Out of the 637 licensed outlets sampled for the study, 29 (5%) were found to be out of business or going out of business. In addition, 17 (3%) were determined to be ineligible because they: (i) were not open to the public (n = 2); (ii) were not open during evening hours when the mystery shops would be conducted (n = 4); (iii) did not sell alcohol (n = 1); (iv) were a family restaurant (n = 1); (v) required a cover charge (n = 1); (vi) were a concert hall, high-end speciality shop, or auction house (n = 3); or (vii) were already part of a commercial program providing mystery shop feedback (n = 5). Of the 591 eligible outlets, 557 (94%) participated in the study ( Figure S1 ). Participation rates were similar for off-premises (96%) and on-premises (93%) establishments. On average, 17 (range = 14-20) onpremises and 18 (range = 11-23) off-premises outlets participated in each community.
Recruitment
The selected licensees in each community received three letters before the intervention began. The first two letters described the study, noted that participation was voluntary, and asked the licensees to contact the research coordinator if they had any questions or concerns. The third and final letter served as a reminder that the program would begin soon and gave information about what to expect.
Intervention
Mystery shop inspections. The mystery shop inspections involved attempts by young, but legal-age (21-24 years old) customers to purchase alcohol in order to observe whether staff requested an ID prior to making a sale. Although the mystery shoppers were of legal age, they were young enough to trigger a request for ID. The mystery shop inspections were conducted by the BARS Program, which recruits and trains mystery shoppers for alcohol purchase attempts (http://www. barsprogram.com/).
Feedback. The staff received immediate feedback during the intervention. When servers or clerks appropriately requested an ID, the shopper gave them a green card explaining that they had passed an inspection. If staff did not ask for ID, the shopper immediately presented them with a red card explaining that they had failed an inspection. In addition to the immediate feedback to the clerk or server, the licensees received a written follow-up report indicating that their establishment had been inspected and noting whether an ID had been requested.
Other intervention materials. In addition to tailored reports, licensees received: (i) a summary of their state's sales-to-minor laws and a set of recommended alcohol sales policies (e.g. check ID for anyone appearing to be under age 30), which they could modify to reflect their own policies and preferred wording; (ii) a monthly report showing the aggregate mystery shop results for their community; and (iii) other supporting materials to help licensees work more effectively with staff (e.g. How to Talk to Employees about Mystery Shop Inspections, Employee Pledge, The Case for Responsible Retailing). During the intervention periods, advertisements were placed in local newspapers to let the community know that the program was underway, although the participating retailers were not named.
Outcome measure. In addition to being a central component of the intervention, the monthly mystery shop inspections provided a measure of staff age-verification behaviour that served as the study outcome. After each attempt, the mystery shoppers recorded whether age verification had been requested (0 = failed to request ID; 1 = requested ID). Clerks and servers were blind to whether a customer was a mystery shopper, whose identity was not revealed until after the purchase attempt was completed. To prevent clerks and servers from becoming familiar with the mystery shoppers, a given shopper never visited the same establishment within two consecutive months, and the days and times of the visits for each establishment were varied. As a result, the mystery shops provide an unbiased assessment of age-verification behaviour.
Research involving human participants
The study was reviewed and approved by the Institutional Review Board of the Pacific Institute for Research and Evaluation. The study was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki and its later amendments. The study did not qualify as a clinical trial under the National Institute of Health's guidelines at the time of funding and registration was not required.
Analyses
To account for nesting of observations, the analyses comprised three-level fixed-effects hierarchical logistic regressions with repeated mystery shop observations (Level I) nested within the 557 outlets (Level II; intracluster correlation = 0.08), nested within the 16 communities (Level III; intracluster correlation = 0.06). A time-varying dummy variable representing the intervention was included at Level I. This variable was coded as 0 for both the Early and Delayed Intervention groups during the baseline when no feedback was provided, as 1 for the Early Intervention group and 0 for the Delayed Intervention group during the initial intervention period, and as 1 for the Delayed Intervention group during the delayed intervention period. That is, the intervention variable was coded as 1 during periods when outlets were exposed to the intervention and as 0 otherwise. Because outlet policies and rates of underage sales differ for on-and off-premises establishments [37] , outlet type (on-vs. off-premises) was included as a covariate at Level II (0 = on-premises). No community variables were included as covariates at Level III, although nesting within communities was accounted for in the analyses. Additional analyses explored whether mystery shop feedback differentially affected ID-checking at on-and off-premises outlets. An intent-to-treat approach was used with all outlets included in the analyses to avoid biases that can result from per protocol analyses [38] . Figure 1 shows the combined ID-checking rates for on-and off-premises outlets in the Early and Delayed Intervention groups across the three phases of the study. Overall, the intervention was associated with a two-fold increase in the odds of checking IDs, odds ratio (OR) = 2.05; t (537) = 9.22; P < 0.001; 95% confidence interval (CI) 1.76, 2.39. The ID-checking rate in the Early Intervention group increased from an average of 80% during the baseline to an average of 90% during the initial intervention period, achieving 96% by the end of the that phase. For the Delayed Intervention group, the rate of checking IDs increased from an average of 80% pre-intervention to 88% during the delayed intervention period, reaching 94% by the end of the study.
Results
ID-checking rates
ID-checking rates among on-premises and off-premises outlets
Overall, off-premises outlets were somewhat less likely to check IDs (83%) than were on-premises outlets (85%), OR = 0.84; t (537) = 2.03; P < 0.05; 95% CI 0.71, 0.99. Both types of outlets, however, increased ID-checking rates during the intervention periods, each achieving 93-96% pass rates by the end of the program (Figure 2) . The cross-level outlet type by intervention interaction was not significant, OR = 1.27; t (537) = 1.48; P < 0.14; 95% CI 0.92, 1.74, indicating that the mystery shop feedback had a similar effect on ID-checking at both types of outlets. Separate analyses by outlet type confirmed that the intervention significantly increased ID-checking for both onpremises outlets, OR = 1.79; P < 0.001; 95% CI 0.43, 2.24, and off-premises outlets, OR = 2.29; P < 0.001; 95% CI 1.86, 2.82.
Discussion
This study provides evidence that a responsible retailing program employing young, legal-age mystery shoppers who attempt to purchase alcohol and then provide feedback on whether the clerk or server asks for an ID can improve ID-checking performance. The intervention doubled the odds of checking IDs, overall achieving 94-96% pass rates by the end of the intervention. Importantly, the intervention was similarly effective at both on-and off-premises alcohol establishments.
A major strength of the study is its design: a multisite randomized trial conducted in 16 communities in four US states with a delayed intervention control group that also showed positive program effects once the intervention was introduced. Importantly, the participation rate among the randomly selected licensees was high (94%), suggesting that the likelihood of selection bias was minimal and that mystery shop programs are broadly acceptable to alcohol retailers. This study thus provides the strongest evidence to date that a mystery shop program, independently of other community interventions, can improve staff age-verification behaviour. Future controlled studies are needed to investigate whether this type of responsible retailing program can improve ID-checking to prevent sales of underage tobacco and other age-restricted products.
The study does have limitations that should be acknowledged. First, we did not follow-up with the Figure 1 . ID-checking pass rates for all outlets receiving early and delayed mystery shop feedback interventions.
unreported mystery shops conducted with the early intervention group during the delayed-intervention phase. Thus, we are unable to determine how quickly the effects of the mystery shops might have decayed once the intervention ended. Some evidence suggests that the effects of enforcement compliance checks decay after about 3 months [22] , and it is possible that a similar outcome might result for mystery shop interventions. An advantage of mystery shop programs, however, is that they can be implemented on an ongoing basis by local public and private stakeholders, including non-profit agencies, prevention coalitions, regulators or distributors and producers at significantly less cost than compliance checks. As a result, mystery shop programs may be easier to maintain over time. The reinforcing effect of sponsorship by local stakeholders may also increase program impact. Second, the study was conducted in 16 midsized communities in four states of the USA. It is unclear if the intervention would be as effective in other communities and states or outside USA, especially where alcohol controls are weak [39] .
There are additional research questions that remain. First, the mystery shops were conducted on a monthly basis, which may not be sustainable long-term even with the involvement of local stakeholders. A future investigation should explore whether bimonthly or quarterly visits are as effective since previous smallscale studies have provided conflicting evidence [36, 40] . Yet another option would be to begin with monthly shops, but then move to a random schedule of less frequent shops once high age-verification rates are achieved. Second, the tailored feedback provided to licensees was reinforced by an additional monthly report that provided the aggregate mystery shop results for their community. Whether these aggregate reports alone, serving as a reminder to licensees, can motivate improved age-verification behaviour also deserves study. Third, our study only investigated the effects of a mystery shop program on ID-checking and not on actual sales. Although requesting an ID is predictive of refusing sales to minors [9, 15, 41] , clerks and servers may nonetheless complete sales of age-restricted products even when IDs are checked. In part, we used this protocol because of legal issues in many US states relating to the use minors to attempt purchases of alcohol other than as a part of official enforcement compliance checks. Future research should investigate the effects of mystery shop programs not only on IDchecking, but also on sales. Fourth, methods for encouraging high participation rates, such as insurance incentive programs or mitigated penalties for violating law enforcement compliance checks, should be explored.
Finally, we investigated clerk and server ID-checking behaviour, but did not examine whether the mystery shop program impacted young people's access to alcohol or their drinking behaviours. The intervention involved a limited number of licensees in each community, thus leaving non-participating licensees as potential targets for underage youth seeking to purchase alcohol. Whether mystery shop programs can reduce underage drinking or deter attempts by underage youth to purchase alcohol remains to be seen. Whatever deterrence effect a mystery shop intervention might have on youth may depend on having a highprofile communications campaign to inform them about the program and its impact on retailer vigilance [42] , thereby increasing their perceived likelihood of being sanctioned or refused service.
From the perspective of regulators, police, prevention advocates, and the retailers themselves, compliance with underage sales laws is an important goal. Responsible retailing programs that use mystery shops to provide ongoing feedback about staff performance can assist retailers in complying with the law and play an important role as part of a comprehensive alcohol control system that includes enforcement and sanctions for retailers who sell alcohol to minors.
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